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ABSTRACT 
This paper presents a relay selection for decode-and-forward based on network coding (DF-NC) and 
analog-NC protocols in general scheme of cellular network system. In the propose scheme the two source 
node simultaneously transmit their own information to all the relays as well as the destination node, and 
then, a single relay i.e. best with a minimum symbol error rate (SER) will be selected to forward the new 
version of the received signal. Simulation results show that, the DF-NC scheme with considerable 
performance has exactness over analog-NC scheme. To improve the system performance, optimal power 
allocation between the two sources and the best relay is determined based on the asymptotic SER. By 
increasing the number of relays node, the optimum power allocation achieve better performance than 
asymptotic SER. 
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1. INTRODUCTION 
Cooperative communications is a specific area of wireless communication that has been 
extensively explored within the last decade. The concept of cooperative communications (relay 
network (RN)) builds upon a network architecture where nodes assist each other to realize 
spatial advantages of diversity. However, ever since the RN emerges, it has led to introduce new 
challenges i.e., low reliability, limited throughput, coverage area, service’s quality and high data 
rate. Meanwhile, the network coding (NC) approach was established to be an efficient technique 
to address same challenges. Motivated by these problems this study deals with presents the 
analytical solutions that address these issues.  
The two main familiar strategies in a wireless RN are decode-and-forward (DF) and amplify and 
forward (AF) [1], [2], which both schemes can be readily applied in MARC system. The 
benefits of DF-NC protocol were an increase in the throughput and a decrease the relay energy 
than the traditional scheme i.e. takes four-time slots. In contrary, the transmission in MARC 
with the analog-NC takes place in two-time slots. First, the two source nodes broadcast at the 
same time their information to one or multiple relays. The relays receive a superimposed signal, 
then amplify the received signal by the best relay, and forward it to destination node. Analog-
NC has proven particularly useful in wireless networks due to the wireless channels’ 
implementation of NC [3]. 
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Recently, it has been shown that the performance of wireless RNs can be further improved by 
selecting an optimal relay node for transmission. In [2] and [7] the analysis of the performance 
for the multiple accesses relays channel (MARC) deal with single relay and not conforms to the 
demand for wireless networks. In this study, we consider MARC with N-relay to improve the 
spectral efficiency while one relay has higher symbol error rate (SER). We obtained the close 
form expression for SER and outage probability using moment generating function (MGF), 
probability distribution function (PDF) and cumulative distribution function (CDF) of end-to-
end signal-to-noise (SNR) for i.i.d channels. The results show that the DF-NC achieved better 
performance than analog-NC. 
Power allocation has intensively been presented in three nodes network [4]. The power 
allocation developed for the three nodes network cannot be able to apply directly in MARC 
system. This is due to different works and complexity in MARC system. In practical application 
of wireless RN such as a cellular system, the optimal power allocation plays a vital role for 
several uses. To minimize the SER of this system, the optimization of the power allocation has 
been investigated in this article. Hence, it is tremendously useful to study this issue, minimizing 
the SER for MARC. The results provide that the optimum power allocation attain better 
performance by increasing the number of relay. 
The rest of this article is organized as follow: Section-2 introduces the system model as well as 
the strategies of relay selection for MARC in Section-3. The performance analysis provides in 
Section-4. The outage probability and power allocation are presented in Section-5. The 
simulation results are provided in Section-6. Finally, conclusions are drawn in Section-7. 
2. SYSTEM MODEL 
We consider a general model of MARC with analog-NC and DF-NC which consists of source 
nodes, denoted by S1 and S2, N-relay nodes, denoted by R1…RN and one destination known as D. 
In the optimal relay selection scheme, as shown by the solid line in Figure 1, each message 
transmits from the two source nodes takes place in two modes. In the first mode, both source 
nodes send the information to all relays simultaneously. In the second mode, best relay node is 
selected to forward the received signals to destination node. For the sake of simplicity, we 
assume that the source and the relay nodes have all the link information. A drive an approximate 
formula for SER to pick the suitable relay according to the maximum SNR is presented.  
In each source node the information bits 1 2[ , ,..., ], {0,1}kb b b b b= ∈ are encoded to code 
bits 1 2[ , ,..., ]NC c c c= , mapped into 1 2[ , ,..., ]NX x x x= , { 1}X ∈ ± and transmitted to the relay. In this 
article, we restrict to BPSK for the simple presentation. The channel coefficients between 
sources to relays, relays to destination and sources to destination denoted as a complex value 
coefficients 
1 2
| |,| |z zh h
 
and 
3
| |zh where 1 1,2 1,...,( , ),i j Nz S R= == 2 1,...,( , )j Nz R D==
 
and ( )3 ,iz S D= . We 
assume that the channel coefficients are available at destination node. In addition, the additive 
white Gaussian noise on all links are ,
x y zn n and n which are model it as normal 
distribution
1
2(0, )zN σ , 22(0, )zN σ and 32(0, )zN σ  respectively.  
The received signals at relay node and destination in the first time of transmission written as: 
 
1 2 2 2j i iR S z S S z S x
y P h x P h x n= + +
 (1) 
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Figure 1 Block diagram of the MARC system model 
The power constraint ( )iSP  at the source nodes is ( )21 [|| || ]i iS SN E X P≤ .  
The output of the relay is modeled as: 
 
( )22 2j jbestD R z R Dy P h f y n= +  (3) 
where ( ).f denotes the process applied in the relay node. The relay amplifies the received signal 
and broadcasts during the second-time slot. The relay will normalize the received signal by a 
factor of 2| |RE yβ  =   , so that the average energy is unity. 
As such, this paper will focus on wireless multicast network ingrained with a two source, relays 
as well as destination in an effort to enhance a successful applied maximum ratio combing and 
receipt of information through the transmitters.  
3. RELAY SELECTION FOR MARC 
In the second-mode of transmission, just single relay is selected out of N-relays to forward the 
received signals. This is depending on the SNR of the channel link between the sources and 
relays node, bestjR may be a more suitable relay will prefer to complete the transmission.  Just a 
single source node (i.e., S1 or S2) will determine the optimal relay according to a certain 
criterion and broadcast the index of it to all relays. Then, only the selected one, which is known 
by both source nodes, is active in the second mode of transmission, and the other keep idle. The 
mathematical steps of the relay selection present in the following corollary: 
Corollary: In order to find the best relay, we can put the summarization in form as follow: 
( )( ) ( )
0
sd F e f d
dxCDF PDF MGF
γγ γ γ
∞
−
∫
→ →
 
( ) ( )1 0
f d
L MGFMGF PDF CDF
γ γ
∞
−
∫
→ →  
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where ( )F γ denotes the CDF, ( )f γ  is PDF, and L-1(.) is the inverse Laplace transform. 
From the N-relays, the one best relay is chosen as the relays which have the maximum 
SNR. Therefore, 
 
{ }1 21 2, ,, ,min ( ) ( )best S j S jj S j S jjR SER SERγ γ= +  (4) 
where ,iS jSER denotes the SER at S1 from the jth relay, i=1,2 and j= 1,…,N. So, the instantaneous 
SNR for the best relay selection is given as: 
 
2
,
| |
var( )is j
Signal
Noise
γ =  (5) 
4. Performance Analysis 
We present in this section the selection methods according to two schemes (analog-NC and DF-
NC) of the system model. Let us first calculate the PDF of SNR in both schemes. Due to 
symmetric between 
1 ,S jγ and 2 ,S jγ , lead to the equality of 1, (.)jf and 1, (.)jF , denoted by PDF and 
CDF respectively. From equation (5), we use the 
1 ,S jγ
 
for derivation of both schemes, which can 
be written as which can be written as in [2] and [8] for analog-NC and DF schemes respectively: 
 
1 3
1 3
2 2
1, 2 2
| | | |
| | | | 1
j
j
j
S z R zANC
R
z S z R
h h
h h
γ
Γ Γ
=
Γ + Γ +
 (6) 
 
1
2
1, | |j jDFR z Rhγ = Γ  (7) 
where 1, j
ANC
Rγ has an exponential random variable with parameter 3
2
1, 0j i
ANC
R S zN Pη σ= and jRγ is 
harmonic mean of two exponential random variables which can be approximated as an 
exponential random variable with rate
1 2
2 2
1, 1 1j j
ANC
R S z R zη σ σ= Γ + Γ at high SNR, the 1, j
DF
Rγ  of the 
source relays links given as 
3
2
1, 0| |j jDFR z Rh P Nγ = where Dγ is an exponential random variable with 
rate 
3
2
1, 1j j
DF
R R zη σ= Γ , 0 (1 )S SP N κΓ = + and 0jR RP NΓ = . For simplicity we can assume 
that , 0
jS R
P Pκ κ= > . 
 Let min (.)
j
fγ and min (.)jFγ denotes the PDF and CDF 
respectively. Then the CDF of best
jR
γ can be calculated as: 
 
( )
{ } ( )
1
1
maxbest best
j i
best bestj R j
N
R
i
NN
R
i
F P
N P F
γ
γ
γ γ γ
γ γ γ
=
=
 
= ≤ 
 
 
= ≤ =  
 
∑
∏
 (8) 
According to the system model we have that best
jR
γ  is an exponential random variable with 
parameter best
jR
η . So the CDF is defined as: 
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( ) 1 bestR j
bestRj
F e
η γ
γ γ
− 
= − 
 
 
(9) 
Therefore substituting equation (9) into equation (8), the CDF of best
jR
γ can be written as: 
 
( ) ( )
0
1 1
best bestR Rj j
bestR j
N N n
n
n
N
F e e
n
η γ η γ
γ γ
− −
=
  
= − = −   
   
∑  (10) 
where ( )! ! !N N n N n
n
 
= − 
 
represents the binomial coefficient. From equation (10) we can obtain 
the PDF of best
jR
γ which is the derivative function of the CDF with respect to γ . So the PDF of 
best
jR
γ is given by: 
 
( ) ( ) 1
1
1
bestR j
bestbest jR j
N n
n
R
n
Nf n e
n
η γ
γ γ η
−
−
=
 
= − 
 
∑  (11) 
Using the definition of the MGF, we can define best
jR
γ given by using equation (11) as: 
 
( ) ( )
0
best bestR Rj j
sM s e f dγγ γ γ γ
∞
−
= ∫  (12) 
So substituting equation (11) into equation (12) and computing the integral we finally obtain the 
expression of the moment generating of  best
jR
γ  as follows: 
 
( ) ( ) ( )
1
1
1
best
j
bestR j
best
j
N
Rn
n
R
N
M s n
n s
γ
η
η
−
=
 
   
= −   
  + 
 
∑  (13) 
Using general equation of average SER [5], the SER from relay selection can be expressed as: 
 
( )
( )1
2
0 sin
j bestR j
M M
R
gSER M s d
pi
γ θθ
−
 
= −  
 
∫  (14) 
where g =1 for BPSK as well as M=2 and MGF 
bestR j
M γ given by equation (13).The average SER 
(in case of BPSK it known as BER) for our scheme is given by averaging equation (14) and 
Substitute the different moment generating functions by their values, hence the expression 
becomes: 
 
( ) ( )( )
2
1
1 0
11j
N
n
R
n
N
SER n A B d
n
pi
θ
pi
−
=
 
= − × 
 
∑ ∫  (15) 
where
2 2
2 2
1 2
sin sin
,
sin sin
A B
n c c
θ θ
θ θ
   
= =   
+ +   
, 1 jR
c b η= , 2 ,iS Dc b η= ( )2, sinb b M= .The expression in 
equation (15) represents the average SER from relay selection. Using partial fraction expansions 
and after some manipulations it can follows that [6]: 
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1
1 ( ) ( )
j
N
n
R
n
N
SER I c I c
n
−
=
 
= − + 
 
∑  (16) 
2 2
1,2 2
0
1 sin
, ( ) | 0.5 1
1sine e
c
where I c d
cc
pi θ θ
pi θ=
 
= = − 
++  
∫
 
5. Outage Probability and Power Allocation 
In this section, we provide how we can calculate the outage probability and power allocation to 
both schemes. 
5.1 Outage probability  
Outage probability defined as the probability that the output SNR falls a certain given threshold, 
mathematically it is: 
 
0
( )
th
bestR j
outP f d
γ
γ γ γ= ∫
 
(17) 
where ( )
bestR j
fγ γ denotes the PDF of SNR. Therefore, using the expression in (11), the Pout written 
as: 
 
( ) 1
1 0
1
bestR j
best
j
N n
n
out R
n
N
P n e d
n
γ η γ
η γ
−
−
=
 
= − 
 
∑ ∫  (18) 
5.2 Power allocation 
Power allocation has been investigated to minimize the outage probability and maximize the 
mutual information of the analog-NC scheme [4]. In this work, we can provide here the power 
allocation to both sources and the SER best relay that has lower bound i.e. 20 1sin θ≤ ≤ of 
subject to total power transmission. 
 
( )
( )2
best
s r total
min SER
subject to
P P P+ =
 (19) 
The optimum power allocation is to find the source power that minimizes the lower bound of 
SER subject to the total power by solving the Lagrange equation below: 
 
( ) (2 )
js R R total
P SER Ps P PΩ = + ∆ + −  (20) 
where ∆  is positive Lagrange multiplier. By driving equation (20) with respect to Ps and PR 
equal to zero, respectively. We can get: 
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( ) 2 0
( )
0
j
j j
j j
Rs
s s
R R
R R
SERP
P P
P SER
P P
∂∂Ω
= + ∆ =
∂ ∂
∂Ω ∂
= + ∆ =
∂ ∂
 (21) 
By integrating the 2 s r totalP P P+ =
 
and
jR
SER given in equations (16) and (21), we can obtain: 
 
(1/(4b))(A+(B/A)+C)
2
j
s
R total
P
P Ps P
=
= −
 (22) 
where, 
2 2 3 3
2 2 3 3 4 (1/3)
( 135 9 91 27 12
( 486 756 81 402 51 ) )
total total total total
total total total total
A P b P b P b P
sqrt P b P b P b P b b
= − − + − +
− − − − −
 
2 230 25 9total totalb PB P b+= + and (-3+7Pb)/bC =
 
which indicate the power at the relay should be equal to the total power at the two sources to 
indemnity for the energy used generates the new version of combined information in one time 
slot, irrespective of number of relays. 
6. Simulation Results 
In this section, we provide the simulation results using MATLAB tools for the MARC model. 
Due to symmetrical sources, they should have the same SER; therefore, it would be satisfy to 
examine one source. The simulation results are provided for a BPSK modulation over the 
Rayleigh fading channels. We present the simulation results of the closed form of approximate 
SER to pick a best relay among nR-relays node of Analog-NC and DF-NC strategies.  
Figure 2 show the average of SER of the system model with BPSK and 8PSK for N-relays. We 
can observe that in both cases the average SER inversely proportional to number of relay (i.e. 
SER decrease when the number of relay increase). The compression between analog-NC and DF 
scheme are available in Figure 3. It easy to observe that the DF protocol is outperforms the 
Analog-NC. The outage probability versus SNR results of the system model presented in Figure 
4. We can observe from it that the number of relay nodes effect the outage probability (i.e. 
decrease). 
In Figure 5, we examine the performance of SER of analog-NC scheme with reference value of 
Ps and Pr given by equation (22). The asymptotic results are provide for comparison with equal 
power Ps = PRj =Ptotal. We can easily observe that, the SER with optimum power allocation 
achieved better performance than an asymptotic scheme even the number of relays node are 
increased.  
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Figure 2 SER versus SNR for BPSK and 8-PSK in case of analog-NC, where nR = 1, 2, 3, 4, 5. 
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Figure 3 Comparison of SER versus SNR for BPSK in case of Analog-NC and DF protocol, 
where nR = 1, 2, 5, 10 
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Figure 4 Comparison of Outage Probability versus SNR [dB] in case of Analog-NC and DF 
protocol, where nR = 1, 2, 5, 10 
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Figure 5 Simulated the SER by analog-NC scheme using transmit power allocation, where nR 
=1, 2, 3, 4. 
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7. Conclusion 
In this wok, we have proposed a relay selection with DF-NC and analog-NC over MARC 
system. We derived the asymptotic close forms of SER for both schemes, which are verified 
through simulation. We demonstrated by analysis, the DF-NC scheme has good performance 
over a wide range of SNR than the analog-NC. To improve the system performance, the 
optimum power allocation between the two sources and the best relay is provided based on the 
asymptotic SER. The analytical results proved that the optimum power allocation has 
considerable performance over asymptotic SER, mainly using a large number of relays node. 
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